INTRODUCTION
Lubricin, also known as proteoglycan 4, or superficial zone protein, has many biological functions. These include cytoprotection, lubrication and anti-adhesion. Lubricin improves tendon gliding, and is present between tendon fascicles as well. Recent evidence (Kohrs, in press, JOR) suggests a role for lubricin in interfascicular gliding, but the effect of lubricin on tendon stiffness or viscoelasticity is unknown.
The purpose of this study was to analyze the effects of lubricin on tendon mechanical properties by comparing tail fascicles from wild, heterozygous and lubricin knockout (KO) mice. The hypothesis was that KO mice will have fascicles with a higher stiffness and a lower relaxation ratio.
MATERIALS AND METHODS Fascicle Isolation and Preparation
After sacrifice for other, IACUC approved studies; the mouse tails were thawed, dissected, and tested at room temperature. The mouse tails were transected 60mm from the distal end of the tail. The skin was removed 1mm from the proximal end to provide space to find an appropriate fascicle. The tail was transected again at a level 33mm from the distal end, leaving a 27mm tail piece for fascicle isolation. Fascicles were carefully removed from the proximal end of this section using forceps. The only fascicles used in these tests were those that slid out smoothly with minimal resistance. Four fascicles, two fascicles from each of the left and right dorsal tendons (Fig  1) , were used for mechanical evaluation and the data was averaged as one data point. During dissection and testing, the fascicles were kept moist with saline.
Fascicle Cross-sectional Area
Once removed, each fascicle was secured with Loctite 401 cyanoacrylate adhesive to thin sheets of Nitrile rubber on either end, exposing 15 mm of fascicle between clamps (Fig 2) . Care was taken to ensure there was no adhesive on the exposed 15mm section. Each fascicle was mounted on a custom fixture which allows them to be rotated 90 degrees about the long axis while being submerged in saline. Eight scaled measurements of the diameter were taken under 200 x magnification at 0 and 90 degrees around the long axis for a total of 16 measurements. The cross-sectional area was calculated using the average diameter assuming a round cross-section. Before being mounted on the testing apparatus the initial length (Lo) corresponding to 0% strain was measured by a 150 mm caliper (Interapid by Brown & Sharpe, North Kingstown, RI).
Mechanical Testing
The fascicles were mounted onto a custom-designed mechanical test system (Fig 3) , which include two clamps, a 150-g transducer (Transducer Techniques, Temecula, CA), and a stepper motor driven linear actuator (Servo Systems, Montville, NJ). Data was collected at a rate of 100 Hz. Fascicles were kept submerged in a saline bath throughout testing.
Ramp Test
Each fascicle was subjected to a preload of approximately 2 grams at the start of the ramp test. The fascicle was then pulled to 2.5% strain at a rate of .05 mm/s and returned to the initial position at the same speed. The fascicle was then restored to L 0 for 60 seconds prior to the relaxation test. The modulus was calculated from the slope of the linear region of the stress-strain curve.
Relaxation Test
Following the ramp test, each fascicle was pulled to 5% strain with the same preload at a speed of 2 mm/s. The fascicles were held at the 5% strain for a single 2 minute cycle. Based on pilot data, 2 minutes was determined to be a suitable relaxation period to achieve a static stress. The data was used to analyze the viscoelastic properties of the fascicles. The difference between maximum stress reached during the 5mm/s stretch and the static stress after 2 minutes was expressed as a ratio that defines the stress relaxation ratio (Fig 4) . The maximum and static stresses were subtracted by the preload.
Data Analysis
The data were analyzed using a one-factor ANOVA followed by a Tukey-Kramer post-hoc test. All statistical tests were one-sided and pvalues less than 0.05 were considered significant.
RESULTS
These data show no trends for stiffness or size, but the wild type mice generally show a higher relaxation ratio than the knockout mice (Fig 5) .
DISCUSSION
These data suggest that lubricin may not be a factor in the stiffness of the tendon, but that it may be a factor in the viscoelastic properties. 24 of the 36 tails were analyzed; more fascicles will be tested. Lubricin is commonly located in areas where the tendon experiences shear and compression. We were unable to test the compressive mechanical properties of the mouse fascicles, but it would be worthwhile to analyze this in a future study. Though there is only a small amount of lubricin within fascicles, it is possible that the structural make-up may be affected by lack of lubricin (for example: collagen fiber size or collagen cross-linking). Future studies could further analyze the structure of fascicles in relation to lubricin.
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